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Serial interface and method for transferring digital data over a serial interface 



(57) A digital serial interface is provided between a 
transmitting device (303) and a receiving device (304) 
for transmitting a serial sequence of data bits and a 
number of associated synchronization signals over a 
wired connection. The transmitting device comprises 
primary transmitter means (401) for converting a serial 
sequence of data bits into successive data signal levels 
in an output line (Vline+, Vline-). Said data signal levels 
are selected from a first group of levels. The transmitting 
device comprises also secondary transmitter means 
(403. 601, 602) for converting synchronization signals 
into synchronization signal levels on said output line. 



Said synchronization signal levels are selected from a 
second group of levels which consists of different levels 
than said first group of levels. The receiving device com- 
prises primary receiver means (402. 801) that are re- 
sponsive to a first group of signal levels. They are used 
for converting a sequence of successive data signal lev- 
els in an input line into a serial sequence of data bits. 
The receiving device comprises also secondary receiv- 
er means (404 s 405, 802, 804) that are responsive to a 
second group of signal levels which consists of different 
levels than said first group of signal levels. They are 
used for converting synchronization signal levels in said 
input line into synchronization signals. 
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Description 

[0001] The invention concerns generally the technology of transferring structured digital data over a wired connection 
Especially the mvent.on concerns the technology of encoding the synchronization information needed for maintainino 
the structures of the digital data in a wired serial interface. 

[0002] For transferring digital data between circuit elements the basic approaches of parallel and serial interfacinq 
are available. A parallel interface consists of a number of parallel wired connections or lines so that a number of bit 
values may be transferred simultaneously by setting either the logical value Tor the logical value "0" to each line i 
e. either setting or resetting each line simultaneously. A serial interface does not necessarily involve more than one 
ri^™ ° n Wh ' Ch b " ValUSS 3re trans,erred sequentially by repeatedly either setting or resetting the data line 
[0003] The situation gets somewhat more complicated if the signal to be transmitted must conform to a certain hiqher- 
level structure, meaning that there are relatively long data sequences that must be handled independently from each 
other. In this patent application we will especially describe the transmission of digital image data over an interlace A 
digital image consists nearly always of a rectangular array of elementary picture elements or pixels The image is read 
by scanning the horizontal lines formed by adjacent pixels in a prescribed order, usually from top to down and from 
left to right. In the resulting digital bit stream a predetermined number of bits describes the color of each pixel the 
beginning of a line is indicated by a certain line synchronization or LSYNC signal and the beginning of a new imaqe 
frame is indicated by a certain frame synchronization or FSYNC signal. ~' 
[0004] in order for the image transmission to function properly the transmitting device and the receiving device must 
share a common clock frequency for writing on and reading from the interfacing lines Additionally the transmiltinq 
device must correctly convey the LSYNC and FSYNC signals to the receiving device in one way or another 
[0005] Fig. 1 illustrates a conventional parallel interface between a transmitting device 101 and a receiving device 
102. The interface consists of a number of data lines, which are here numbered from 1 to N. a number of control lines 
and a clock line CLK. The number of control lines is shown to be M, and because we discuss especially the transmission 
of digital imago data, among the control lines there arc the synchronization linos FSYNC and LSYNC 
[0006] Fig. 2a illustrates schematically how the interlace between devices 1 01 and 102 may be "serialized" A parallel 
to serial (P/S) converter 201 is coupled to the parallel output of the transmitting device 1 01 , and a corresponding serial 
to parallel (S/P) converter is coupled to the parallel input of the receiving device 1 02. A phase locked frequency multiplier 
203 is utilized to multiply the frequency of the clock signal CLK coming from the transmitting device by N+M The basic 
clock frequency CLK drives the parallel side of the P/S converter 201 and its N + M-multiplied version drives the serial 
side Correspondingly a frequency divider 204 is used to restore the original CLK frequency at the receiving end so 
that the received N + M-multiplied clock frequency drives the serial side of the S/P converter and the original CLK fre- 
quency drives the parallel side. The original C LK frequency is also provided to the receiving device 1 02 for synchronize 
he reading of the parallel input data. In addition to just converting the interface into serial form Fig 2a illustrates how 
he immunity of the data and clock lines against common-mode interference may be enhanced by using differential 
transmitter-receiver pairs 205, 206 and 207, 208 respectively. For short differential transmission links e g between two 
integrated circurts within a single electronic apparatus it is commonplace to use so-called low-level differential trans- 
mitters and receivers so that the differential voltage levels appearing in the serial connection are well under the con- 
ventional +5V...-5V levels. 

[0007] Fig. 2b illustrates the basic serial interlace model where a transmitting device 251 needs only one connection 
DM KYMr 9 nn^vMr 2 H Th , e , transmit,in 9 device 251 comprises a multiplexer 253 that multiplexes the bits of the 
DATA, LSYNC and FSYNC digital signals into a common connecting line in the pace determined by a clock signal CLK 
n the receiving device 252 there is a corresponding demultiplexer 254. In Fig. 2b the actual wired connection between 
he transmitting end and the receiving end is also shown to be differential, utilizing the differential transmitter 255 and 
the differentia, receiver 256 The LSYNC and FSYNC bit sequences that are multiplexed into the common connection 
must consist of bit patterns that are long enough so that their composition can be selected to be unique when the 
demultiplexer 254 recognizes a certain predetermined pattern of consecutive bits in the received bitstream it indicates 
that a synchronization signal has been received. We may refer to a number of consecutive bits as N and denote the 
number of synchronization bits constituting the LSYNC and FSYNC patterns therein as M 

[0008] If the clock frequency of an interface is kept constant and not converted to higher values, a parallel interface 
•s more effective ,n terms of throughput since N+M bits are transferred on each cycle of the basic clock frequency CLK 
However, modern VLSI (Very Large Scale Integration) technology has made it possible to integrate so many dLrent 
functions on a single semiconductor chip that the number of input and output lines to and from the chips has become 
a limiting factor. Serai interfaces do not need even nearly as many lines as parallel ones, which makes serializing an 
important aspect in modern circuit design. 

[0009] The drawback of the arrangements of Figs. 2a and 2b is that for a fraction M/(N + M) of the time the s rial 
interfacing hne is not transferring actual data or payload information, since it is used for transmitting control information 
For example in Fig 2a a feasible choice for values of M and N in practice could be M= 2 and N=6 which would mean 
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f ~ - An „ drawback js the 

^"Additionally a h.ghcl^ power ^sumption should be kep « 

(EMU caused to the surrounding circuitry. ^ ' nCreaSes ,he amount « electromagnetig interference 

d-stortion in the mu.tiplied clock frequency line somehow erased one or mo ™ ? ' ,nC ° neCt mem °^ ,0ca,ion ' « ■ ■ 

^Msssr resu,t The same app,= " 

22 -^eS for conveying contro, infor- 

arrangements It is a further object o, the ^ te SSE^ ^ " the described P rior « 
sumpt.on than in the described prior art arrangements ZTeXlt 22°! f/ ran9emen ' with '°wer power con- 
and an arrangement for conveying control imoSnaUon^nTril^^^^ 9 ' nVen,i ° n iS ,0 pr ° vide a melh <* 
object of the invention is to provide a method an^SSSS^ ^ EM ' b6inB C3USed An additi <™> 
.menace with less suscep.ibi.ily to synchronization eZrs ° nVey ' n9 C ° ntro1 into ™ation over a serial 

- primary transmitter moans for convcrtina a ^ri*\ ^ 

output line, said data signal ^^^3^^^ "f — oss^c data signa, .ovo.s in an 

- secondary transmitter mean* for group of ,eve,s an ^ 

o r z, . a™ s^cssssts: a r s r'"* ato *- - - 

cmrerent levels than said first group of levels. second group of levels which consists of 

.00.4, A s,,*, im . rta „ receive , aecora(n9 , 0 , he lnvemta fc ^ i 

• Pf~rr,r:~ 

,evels P S Wh ' Ch COnsisls of d,f,e ^nt levels than said t.rst group of 

set values bcionging to the actual information and a, loa^ one other!? T T* *" *«* h US6d '° ,ra — « *• 
.nformat.cn onto the actual information "° ° th ° r SCt lovo1 ls us °d to superimpose the control 

k V^^^^rssr^js-^ * — — — « -~ 
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; end. a piece of control information may be transmitted even simultaneously with a piece ot actual data in which case 
the recover measures a received level on the serial line and separates from the measurement the control information 
part and the actual information part. 

[0019] The novel features which are considered as characteristic of the invention are set forth in particular in the 
appended Claims. The invention itself, however, both as to its construction and its method of operation together with 
additional obiects and advantages thereof, will be best understood from the following description of specific embodi- 
ments when read in connection with the accompanying drawings. 

Fig 1 illustrates a known parallel interface, 

»o Fig. 2a illustrates a known serialized parallel interface, 

Fig. 2b illustrates a known serial interface, 

Fig. 3 illustrate the principle of the invention, 

Fig. 4 illustrates an apparatus according to a first embodiment of the invention, 

Fig. Sa illustrates a first part of a timing diagram relating to Fig. 4, 

'5 Fig. 5b illustrates a second part of a timing diagram relating to Fig. 4, 

Fig. 6 illustrates an apparatus according to a second embodiment of the invention, 

Fig. 7a illustrates a first part of a timing diagram relating to Fig. 6, 

Fig. 7b illustrates a second part of a timing diagram relating to Fig. 6, 

Fig. 8 illustrates an apparatus according to a third embodiment of the invention, 

20 r- Fig. 9a illustrates a voltage level diagram relating lo Fig. 8, -=■->. 

Fig. 9b illustrates a first part of a timing diagram relating to Fig. 8, 

Fig. 9c illustrates a second part of a timing diagram relating to Fig. 8, 

Fig. 10 illustrates an apparatus according to a fourth embodiment of the invention and 

Fig. 1 1 illustrates a voltage level diagram relating to Fig. 10. 

[0020] Similar parts in the drawings are denoted with same reference designators 

Fl9 3 illuStrates a serial interfacing principle where a transmitting device 301 is coupled to a receiving device 
302 through a wired serial connection. The arrangement is meant to enable the transmission of such digital data where 
regularly occurring synchronization signals of one or more type divide the data bit stream into subsequent blocks such 
as lines and/or frames of digital image data. The transmitting device 301 comprises means 303 for converting the data 
bit stream with its associated synchronization signals to be transmitted into a signal where a certain first signal level 
or a certain first set of signal levels are used to indicate the transmitted data bit values and a certain second signal 
level or a certain second set of signal levels are used to indicate the occurrence and/or type of the synchronization 
s.gnals. Correspondingly the receiving device 302 comprises means 304 for converting the observed signal levels in 
a received signal into a data bit stream and its associated synchronization signals so that a certain first observed signal 
level or a certain first set of observed signal levels are used to reconstruct the transmitted data bit values and a certain 
second obsen/ed signal level or a certain second set of observed signal levels are used to reconstruct the occurrence 
and/or type of the synchronization signals. The levels refer most commonly to voltage levels, but they may also refer 
to current levels or the levels of some other measurable quantity. 

40 if 0221 J' 9 4 iS ^^° re d6tailed schematic dia 9 ram of a fir *t Poetical embodiment of the invention. In the transmitting 
device there is a DATA line carrying a serial data bit stream consisting of the electrical representations of logical values 
0 and 1 in a way known as such. Additionally there is a SYNC line which may be set or reset to have a logical value 1 
or a logical value 0 respectively. For the sake of example we will assume that a logical value 1 on the SYNC line 
corresponds to a frame synchronization or FSYNC signal and a logical value 0 on the SYNC line corresponds to a line 
synchron.zat.on or LSYNC signal. If the SYNC line does not have any definite value there is no active synchronization 
fZf' I lransmittin 9 device comprises also a DATA_SEL line the role of which is described later 
[0023] The DATA line is coupled to the data input of a first differential transmitter 401 which has also an enable or 
se eel input and a differential output. Similarly the SYNC line is coupled to the data input of a second differential trans- 
mitter 403 which has also an enable or select input and a differential output. Although not separately shown in Fig 4, 
the second differential transmitter 403 is dimensioned to give a higher output level than the first differential transmitter 
^I Znlt T °T ,S °' dif,erentia ' emitters 401 and 403 are coupled together to a differential output 

ontiahransmL 2T IT T T*~ ^ * C ° UP ' ed t0 ,he 6nab ' e ° r SeleC < ^ of < he ^r- 

cntial transmitter 401 with direct polarity and to the enable or select input of the second differential transmitter 402 with 
reverse polarity obtained with an inverter 406. 
ss [0024] The receiving device in Fig. 4 comprises a differential receiver 402 having a differential input an enable or 
SrJLTh 3n !-« PUt Addi,i ° nally " com P" s « a first differential amplifier 404 and a second differentia, amplifier 
405 each having a differential input and an output The inputs of the differential receiver 402 and the differential am- 
plihers 404 and 405 are all coupfed to the differentia, input line, consisting of lines Vline + and V/.ine, of the receMng 
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a T?k "hT 18 °' ' he ' i,S ' and •* contl <JI " eremial «" «< «s ar. also eoepfco To tnetlt ~ 

s eeleel inpol ol Ihe drllerenlial receiver 402 Ihrough a NOR gala 407 coupieo ro rne enable or 

l arTnnf 1 h f m 3 Cefta ' n l6Ve '' Wi,h direct and reverse P olari ^s corresponding to .he loqica values 

s^reTir^^ 

ao f™ ?a , ^ " S ' 9na ' rema " s hi9h ™ s enables me ""araailal receiver 402 ro receive the OauT u SaK 
cZ « ,, T r,a 4 ° n ° V '™' " nd '° """ e 0,8 «»™=Pona.n 9 log** va.pas inlo*e OAWtoa I an f?vnc S 

through the Vline+ and Vline- lines bv ^ttinr, h^th t« #k« , L ^ YINU Sl 9 nal ' an F SYNC sjgnal is transmitted 

55 icsr^e^^ 
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Z ZeTZ 6 ° re: 35 IO ° 9 35 ,hG dmeren,ia ' V °' tage leve,s used to »-"■«* the data bits over 

lian» L , , T ■ rem ™ somewhere be,wee " the extreme levels used for the FSYNC and LSYNC 

s.gnals. the outputs of the logical gates 604 and 605 remain low and the DATA EN sional remains hinh Wh *nt«H 
one of the more extreme .eve.s occurs, this time simultaneously in bo* T«nes VlLe. ^6 Z i S S 
appropnate one of the logical gates 604 or 605 goes high, disabling the receptee! cS I^Z^mS EN 

the transm.ss.on of the synchronize signals susceptible to common-more interference However th^ ^embodiment 
m , F.g. 6 makes use of very commonplace and readily available paralle. tri-state bus drfversTnsSad of dler n 

[UU33J Both embodiments shown in Fiqs. 4 and 6 share the slinht HraYA/h=»,~L, thoi . * H 

if in^iaf a i!^' t1 6S ^ ar : angeme - nl w * ere lhe 'ransmiUing device comprises a DATA line and a SYNC line exactly 

doe, nJ h r er l' S S ° 3 * h " d ^ bUt this ,ime » is called SYNC_EN. The first differential UansSter 401 

does not have a coupl.ng between said third line and its enable or select input The SYNC fk i inT ^ Uan * m '" er ^ 
to the enable or select input o, the second differentia, transmitter ^J^^S^^^^^ 

be htnT, ; rst i ne,e T ,ransm,,,er 401 This time the outpu « ,evei ° f the ««- disss^srsss; 

be h.ghcr than two t.mcs the output level of the first differential transmitter 401 for reasons described more <£S 

9 °Ih TvMr h i !" ° U9h SUmm ' ng meanS S ° that the volta 9 e of Vl ™+ will be the sum of voltages 
™«T , 1 ' 3 6 VO ' ta9e 0< Vline " Wi " be ,he sum of vo,ta 9^ of DATA- and SYNC- 

[0035] In the rece lvlng dev ice there is a parallel receiver arrangement consisting of a differential receiver 801 as well 
as four parallel differential amplifiers 802. 803. 804 and 805 coupled as level indicators AHthTl ar ! , J? I 
differentia, transmiss.on input consisting of lines V.ine + and Vline" The 

coup ed to the lines V.ine + and Vline- with direct pofarity and the other two different Zl 

sZ E °< h 8 5T VNne - WHh feVerSe P ° ,ari,y A " houQh not specifically shlnTn F ^ 8 tht Sat'e sen 

sitivittes of the differential amplifiers 802 to 605 are selected *n that tho firet ^ 1 JZru reiaiive sen- 

differential transmitter 403 is not selected and the voftaqe in the Iync + and S r 9 
VHne + and Vline- lines foflow the voltages of the DAT^^ 

goes h.gh, the second differential transmitter 403 sets the voltaqes of the SYNC* »nH , SYNC " EN S,gnal 

current signal value on the SYNC line. We may again as^sume that an FSYNC t T aCCO " S,n * t0 the 

the SYNC line and an LSYNC signal correspond a ^1^ 8^ KnT C ° rreSP ° ndS * * ^ °" 

ifth^DA^A^Ca^ 

transmit l^Z^ZTZ Z^ZZ^SS^* T T° °^ °' th ° «« di,<CrCntial 
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in Ihe lollowlna table ™ eorepleleness w9 may show all possible eombmalioas 





DATA 


SYNC 


SYNC.EN 


Vlme+ 


Vline- 


DATA high, no SYNC 


1 


X 


0 


+Vth1 


-Vth1 


DATA low. no SYNC 


0 


X 


0 


-Vth1 


+Vth1 


DATA high, FSYNC 


1 


1 


1 


i Vth3 


-Vth3 


DATA low.. FSYNC 


0 


1 


1 


+Vth2 


-Vth2 


DATA high. LSYNC 


1 


0 


1 


-Vth2 


+Vth2 


DATA low. LSYNC 


0 


0 


1 


-Vth3 


+Vth3 I 



S .n"^ S,9nal C °™ bina,ions and vo,,a 9* levels are also shown in Fig. 9a. 

indicates an FSYNC signal. Simul^ou^^ * 3 P ° Si,ive ^ 

. the receiver must be able to distiguish between the Se c^. th 9 ! * C ° me * b " lhal is ei,her 1 or °' and 

.. to detec, a positive voltageSrenc eqT. iHh^?? amp ' i,ier 803 arranged 

difference is present, the simultaneous data bi !s 1 K howl^ " I T™™ hpU " SUCh 3 P ° Si,;ve vo,,a 9 e 
the simultaneous data bit is 0 T??£££^to'2ZZF , t * ^ V °' ,a9e differenCe is not ? rese ^ 

808 is designed to grvc a 1 tc the/ second ZutSZ I? ? TT' **• ,he ,irSt AND gate e07 and the OR 9*8 
to or greater than !v*2 > . C bu ^ofaTla ge as ^^"i^ff T V °' ta9 ° di,,0fCnCC * <^ al 
receiver 801 is inverted to 0 before writing i into fhe DATA' Hn! a . w . ^ ^ 1 *™ n by ' he differenti a' 
809, 810 and 808 leads to the resanZaxlsYNC is fn^IfJ T de6ucUon seeming the pans 804, 805, 
or greater than -Vth2 + V,h2 !s detec ed infhJ *ul^T ™ "™ * VOlta9e difference ^ *> 

inverted to, before writing « ^TSta 2e7^S T 7' ^ ° 9iven by ,hS differen,ial recei ^r 801 is 

Fig. 11 illustrates an exampla^ " way hJw a ^01^ t 3 " 3 ^^ *° di9ita ' COnverter 1 001 a logic block 1002 
discrete voltage ranges: tZoZesxLnae betol V^h3 t iT h T "k™ 3 ' '° abOV0 +Vth3 ' Can be arran 9 ed 
combination 0 0,1: and so JS^^^Z^^^ o b,, co m5ination o,0,0; the next .owes, into bit 
that the primed threshold voltage values ar ^twice as LI - tSI +Vth3 ' S mBpped int ° b " com bination 1 . 1 , 1 . Note 
input o, the analogue to digitafLnverteMs UoZa^l T previOUS 'y used ""primedones. since the differential 
produce the correct combines of DATA FSYNC and LSYNcT" ?, Z ~° ? ^ " US6d °' der l ° 

the logic blocK 1002 must do the ^ ^ * 



Output of A/D converter 


Output of logic block (DATA', FSYNC, LSYNC) 


| 0,0,0 


0,0,1 


0,0,1 


0,0.1 


0,1,0 


1,0,1 


0,1,1 


0,0,0 | 


1,0,0 


1,0,0 


1.0.1 


0,1.0 ~] 


1,1,0 


1,1,0 


i 1,1,1 ! 


1,1.0 



[0043] It is obvious as such for a person skilled in the art to 
conversions. 



const 



ruct the logic block 1002 so that it does the required 
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V S na c ,Ura ^ r SSiblS ,0 USS thS Para " el Ui - S,a,e buS driver solution shown ln Fi 9 6 also in the embodiments 
T^aZTJ t ' W ' ,h w apprOXima,e 'y ,he s *™e in «— «o the advantageous and disadvantageous effect 
Sow tie de,e iE,? 0 C ° nS,der f ,IOn Based on ,he above-given teachings i, is obvious (or a person ski..ed in the ar 
voTanJ £l h ► I 9 *™?,? feCeiVin9 d6ViCe mUS ' be m0di,ied if the synchronization signals come as equal 
shown in Ftas 8 1° 'rT ^ and .? ne ~ ° f V °" a9e ' eVe ' S h3V ' n9 ° PPOSi,e Polities In the embodiment 
are T, 1 , r T modlf,cation °' the invention * the one where the synchronization signals 

are set for a longer time than one bit period. This would not only reduce the risk of a synchronization s.qna. ao.no 

dZenf b T USe ° f 3 SUd ? n 8nd Sh ° rt com ™ nicat '°" -ror. but i, wou.d also give the ^J^SZSTj^S 
different synchronization and/or other control signals that differ from each other by their duration in time The receMno 
device should in such a case have a counter that wou.d count the length in bi, periods of JS^^^S^SZ 
signal and map the counted lengths into appropriate different synchronization indications synchronization 
h™!!L ^k^ deS 7' bed emb odiments we have only used two synchronization signals, namely FSYNC and LSYNC 
However the invention ,s not limited to the use of two synchronization signals, because each additional pair of syn- 
chronization signals can be accommodated by providing an additional differentia, transmitter (or para mSZ2b bus 
dnve pa,r) in the transmuting device and an additional detection arrangement obtained from the described Lmbod - 
maT ™ rt T! e , X,raP ° f' ° n , in ,h6 reCeiVin9 dSV,Ce ,nS,ead * USin 9 se P ara,e ^'«erential transmitters for all sTgnat 

ac o^ri^Tii T r S * W ° Uld ^ P ° SSible l ° USe 8 Sin9le Pliable transmitter the amplified 

factor of which could be set separately for each type of signal to be transmitted 

SH? h "[ he h 7 enti ° n reduces tne risk of losin 9 synchronization, because even if a cycle or even a number of cycles 
LucIphI Seq r enCG S y nchroni * alion si 9 nals is '°sU lhe detection of the next synchronization signal wi 

succeed because it is completely independent of the detection of data bits. For the receiver it suffices to monitor the 
s.gn.1 leve,s and to detect the next occurrence of a signal level that is not one of the usual data signal .evels to achieve 
synchronization Although we have described on.y embodiments where the synchronization signals are transrn i«ed 
generally on higher signal levels than the data bits, i, is perfect.y possib.e to switch the ro.es of the .eve* so thT he 
S * Z ' ranSm,,tCd ° n 3 h '9 hcr lovo1 than thc synchronization signets However, because there are much more 
tor fhe d- t h 3ynChr0 ^ a ^ 0n S '9 nals to be transmitted, it is usual.y more advantageous to use the .ower signa. .eve.s 
p To !' PS l ° fedUCe ener9y sumption and EM. originating at the serial interface. 

art 9 '" US,ra,eS th l use of an arrangement according to Fig. 4, 6. S or 10 as a comparison to Fig. 2a where 
a prior an arrangement was described. The serial inlerface arrangement according to the invention is qenera.lv reo 
resented by block 1 200 There is an addi.iona. .ogic b.ock 1 201 the function of which is to ^ES^SSSw 

2£ n!?r«S. f ° r ' 9inator201 into SYNC and DATA.SEL or SYNCJEN signa.s: the mapping is easily done 
since DATA SEL must remain high and SYNC must remain indefinite as long as LSYNC and FSYNC are low and 

whfroTo L S Y YN? an HSvM C c * S* DAWL8EL mU>t 9 ° '° W and SYNC ™ St be either h^h or 2 de e d" g on 
h h h FSYNC is high. If SYNC_EN is used instead, it must be low as long as LSYNC and FSYNC 

tZZ S >T?Z1T ? !° 9iC IT M ,UlfHS th6Se ,UnC,i ° ns only needs to com P rise a ««*» <- basic ports 

K2.n,?3 T m k P 3 blOCkS 2 ° 3 ' 3nd 2 ° 4 ' 6eSe ™ SOme additional a,tent ' on ln ^ose env 

bodiments of the invention where a synchronization signal replaces the transmission of data bits the clocking arrange- 

Z^hron V ?r bGr °' Para " el ^ lin6S Eith6r the ClOCk Si 9 nal must be interrupted for the durafen of a 
synchronization s.gnal to be transmitted or the multiplier / divider number must be variable or so selected that the 
synchronization s,gna te can be accommodated between the transmitted data bits without 
senal to parallel conversions either running ahead of the serial transmission pace or lagging behind it In those em 
t^ratM TT "'I 6 " synchroni2a tion signals are superimposed with dalTbits the cloc fluency for 
- ; 0 ne P s ara,,e ' COnVerSi ° nS ' S S ' mP,y ^ mU,t ' Ple « ^ Para " el ** P-es,ngUe y nc°y 

m^hl Jn" 6 ' nVen,i ° n 15 aPpMed ,0 3 POrtab ' e terminal ° f 3 te| acommunication system, the transmitting device 201 
may be e g a camera, in which case the receiving device 202 may be e.g. a frame memory. Or the transmitting device 
201 may be a frame memory and the receiving device 202 may be a display. 9 
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1 ' fhron i,a i! ranSmi,, 7 d0ViC ° (3 ° 3) f ° r ,ransmittin 9 3 serial sequence of data bits and a number of associated syn- 
chronization signals over a wired connection, characterized in that it comorises 

55 

- primary transmitter means (401 ) for converting a serial sequence of data bits (DATA) into successive data 
signal levels ,n an output line (V.ine + , Vline-), said data signa. levels being selected from a first group oHevS 
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of levels wh.ch consists of different levels than said firs, group of levels. 9r ° UP 

into said output line. outputtinq synchronization signal levels 

3. A digital transmitting device according to claim 2, characterized in thai 

" :rsei r cTrnpur Smi,,er meanS C ° mPriSe 8 ,ranSmiUer (4 ° 1 > ha -9 a "P". an output and an enabie 

" iZToTs 6 ^ { ™T er meanS C ° mPriSe 3 SeC ° nd ,ranSmitt6r <403) haVi "9 a dala ^ an output and an 
' r«t, d l 9 J!!' ! ranSmi,,in9 device emprises a selection signal line (DATA SEL) and 

4. A digital transmitting device according to claim 2, characterized in that 

■ sa«J control signal I™ is coupled ,o the control „pu, o. said single eontrollab.e transmitter 

output levels In said output I™ ' ' ™ °<*°°<>*V transmiw, means (403, 601. 602) into combined 
. A digital transmitting devica according to claim 1 . characterized in that 

' uTS-,' and 5 * Wi,Sd C °™ M< *" «"""■« <* ' <*« ■*»< »na , VI™, aad a aacond signal 

• said primary ttansmitlat means is a lowvoltage level diflarenlial ttansmittat (401 ). 

levels o( said tow-votega taval dfetantoCnalC rema ' ka '* V "° m "'° ,han ,he °"*"« 

.a« M ro^n,heo„,p„^^ 

line into synchroniza,™ Sg^ P °' "" """"""O synchronization s.gnal levels in said input 

. A digital receiving dcvkie according to claim 9, characterised in that 
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distance from zero, which is larger than said tirst distance 

11. A digital receiving device according to claim 10. charact riz d in that it comprises 

- an enable or select input in said low-voltage level differential receiver (402) and 

- a coupling (407) from the outputs of said parallel differential amplifiers (404, 405) to said enable or select input 

frJTSl 6 S h IOW ,; VOlta9e level di "^ntial receiver as a response to an affirmative level indication 

from either one of said parallel differential amplifiers. 

12. A digital receiving device according to claim 10. characterized in that 

- said secondary receiver means comprises also two other parallel differential amplifiers (603. 805) coupled as 
level indicators to said input line with opposite polarities and responsive to voltage signals at a certain third 
distance from zero, which is larger than said second distance 

- said four parallel differential amplifiers constitute two differential amplifier pairs so that in each pair the differ- 

ZSL 7 Z S C H° UP ' ed 32 ,6Vel ind,Ca, ° rS ,0 Said inpUt ,ine With same P° ,ar "y b"t responsive to voltage 
signals at a different distance from zero, 9 

" I!T di !f! al rec t ivin9 , device uprises additionally inverting means (811 ) for conditionally inverting the output 
of said low-voltage level differential receiver as a response to a certain indication and 

- ram each differential amplifier pair there is a coupling (S06, 807, 808. 809, 81 0) to said=inverling means (811 ) 

1™ £ UC ' n9 85 3 reSP ° nSe ,0 3 Si,Uati ° n Where exact 'y one of the amplifiers in The differentia 

amplifier pair gives an affirmative level indication. 



13. A digital receiving device according to Cairn 9, characterized in that said primary receiver means and said sec- 
!,on m ° anS af ° ' mp,C u mcn,cd wilnin a ma PP*"9 entity (1 001 , 1002) arranged to map a number of input 
I ? C ° rreSp0, \ d,n 9 b,t combinations where the reception of signal leve.s belonging to said first group 

s~rZT«^T dWerent C ° mbina,iOTS ^ ^ - ^ "onging tosaio 

14 zsz ~rr= that - «"*" «* «— - - 

15. An electronic device comprising a first circuit element (301) and a second circuit element (302) for processino 
T rT ^ COnSiStin9 °' ^ SeQUenCeS and synchronization signals, characterized in . ha? t co^prfses 

Tl T 5 t C 'r Urt e ' eme : t 3 di9ita ' ,ransmi,,in 9 device wording to claim 1 and within the Second 
element a digital receiving device (304) according to claim 9. 

1 6 " i wlS ^n°n^r Smi, !! n9 8 f er . ial f ec ' uence ° f data bits and a number of associated synchronization signals over 
a wired connection, characterized in that it comprises the steps of '9 

* IZeT^^lZ^ ^ °i da,a bi ! S (DATA) in, ° successive da,a ^9na. levels in an output line (Vline + . 
Vlme-), said data signal levels being selected from a first group of levels and 

* vZTc! H Synchr ° ni2a,ion si 9 nals < SYNC > ^to synchronization signal levels on said output line (Vline + , 
Vine-), sa,d synchronization signal levels being selected from a second group of levels which consists o 
different levels than said first group of levels. consists ot 

17. A method according to claim 16, characterized in that as a part of the step of converting synchronization signals 
m .synchronization signal levels on said outpu, line the simultaneous conversion of data'bils into successive da a 
alone* iToZi HnT " d ' Sab ' ed " S ^<°™*™ ^ *- a " d d ata signal levels only occur 

18. A method according to claim 16, characterized in that as a part of the step of converting synchronization signals 
into synchron.zat.on s.gna. levels on said output line the simultaneous conversion of data bits Z, sTccSve S ta 
Z^l^^ S ° - ~ — — - - -a, ^" 
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